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ENVIRONMENTAL STUDY O F  MINIATURE SLIP RINGS 
I -  I N  TRG dUCTI ON 
This i s  t h e  ninth quarter ly  progress repor t  on IITRI 
Projec t  E6000, "Environmental Study of Miniature S l i p  Rings.'' 
This report covers the a c t i v i t i e s  during the period 1 July 
1965 to I October 1965 and i s  the f i r s t  cpa r t e r ly  repor t  on 
t h e  twelve month continuation authorized by Modification N o -  6 
of Contract No. NfiS8-5251, The object ives  of t h e  new e f f o r t  
w i l l  be t o  evaluate s l i p  r ing  mater ia l s  and design techniques 
su i t ab le  for  operation i n  high vacuum, 
During the period reported herein,  preliminary tes t s  
i n  high vacuum have been i n i t i a t e d ,  Brush-ring assemblies 
using new r ing  s leeves and b r u s h  blocks have been fabricated. 
Mass spectrometry s tudies  r e l a t i n g  t o  t h e  off-gassing of m a t e r -  
i a l s  used i n  new brush-ring assemblies have been s t a r t e d -  
Also, a run - in  t e s t  of a capsule with a new brush design 1 s  
being conducted i n  a nitrogen atmosphere. 
; - 
I1 , HIGH VACUUM TESTlNG 
The high vacuum f a c i l i t y  used f o r  t h e  tests cons i s t s  
of the following: 24 x 24 in .  steel chamber, r e f r ige ra t ed  
baff le ,  10 i n ,  NRC o i l  diffusion pump, and mechanical pumpss 
The nominal pumping speed of the  diffusion pump is 1 ,700  l i t e rs  
per  second a t  low5 t o r r .  I n  order t o  prevent backstreamng of 
oil f r o m  t h e  pump t o  the  chamber, an op t i ca l ly  dense re'riger- 
a ted cold t r a p  i s  placed between t h e  chamber and t h e  pump, The 
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operating temperatures of  t h i s  cold t r a p  are: -190OF i n l e t  
temperature and -13O0F o u t l e t  temperature- The pressure i s  
measured by means of an NRC type 507 ionizat ion gauge, A 
vacuum of t o r r  can be achieved by t h i s  system, 
A n e w  mounting bracket was b u i l t  t o  mount the capsule 
i n s i d e  of the vacuum chamber. The magnetic dr ive  used i n  pre- 
iiiwus t e s t s  ha4 t u  be rewurked to accomociate ia rger  magnets 
because of the th icker  g l a s s  i n  t he  vacuum chamber portholes. 
Several small holes w e r e  d r i l l e d  i n t o  the capsule t o  prevent 
trapping of a i r  i n s i d e  of the  capsule, A t r i a l  r u n  was under- 
taken with Capsule 1-58 i n  a vacuum of 4 x t o r r -  A f t e r  
about one hour of operation, the capsule stopped and it appeared 
t h a t  t h e  magnetic dr ive did not  develop su f f i c i en t  torque t o  
r o t a t e  the  capsule. l i f t e r  the vacuum chamber was pressurized, 
the capsule could again be driven, T h i s  was repeated two  more 
t i m e s ,  I t  i s  assumed t h a t  the high vacuum operation of capsule 
and dr ive bearings causes a s ignif icant  increase an  drag torque, 
I t  was then decided t h a t  special vacuum bearings would have t o  
be used. Several p a r t s  of the capsule and the dr ive system 
have been modified t o  p e r m i t  u s e  of commercially available 
vacuum bearings. Bar Temp bearings manufactured by Barden 
Corporation w e r e  se lected because of their  outstanding high 
vacuum performance charac te r i s t ics ,  These bearings a re  equipped 
w i t h  cages made of a highly compressed material  of teflon- 
coated g lass  f i b e r s  impregnated w i t h  molybdenum disulphide 
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( M o S Z ) .  
and a s  a source of dry lubricant .  As t he  bearing ro t a t e s ,  
t h e  b a l l  rubs  off minute quant i t ies  of t he  lubr icant ,  deposit- 
ing a l i g h t  coating on the raceways. Bearing r ings  and b a l l s  
are fabricated of AIS1 440C s t a in l e s s  steel, hardened and 
dimensionally s t ab i l i zed  by a special  heat t r e a t i n g  process e 
The one-piece cage serves both as a b a l l  separator 
T a r i i a l  rie1ivei-y ijf iiie beaririys lias b e e r 1  uta& ariri ilit: fixid1 
delivery i s  scheduled f o r  October 18, 1965, 
An additional problem t h a t  was observed during the  
t r i a l  run  was the  high ambient noise l e v e l  due t o  a var ie ty  of 
e l e c t r i c a l  equiprrient operating i n  c lose proximity t o  the test 
set up. Most of t h i s  problem was overcome by careful  shielding 
and grounding. 
111. N E W  BRUSH-RING ASSEMBLIES 
Ten experimental brush-ring assemblies w e r e  fabr icated 
and goldplated, D i f f e r e n t  mater ia ls  w e r e  u sed  t o  minimize off-  
gassing a t  b g h  vacuum. The ring sleeves were made of copper 
ins tead  of brass ,  Brush  blocks were mackuned from Mycalex 400- 
Mycalex i s  a t r ade  name of glass-bonded mica made by Mycalex 
Corporation of America. I t  i s  certified as grade L432, pre- 
cision-machinable material under MIL-I-1OA specif icat ion fo r  
ceramic-grade e l e c t r i c a l  insulat ing mater ia ls  and has excel lent  
off -gassing charac te r i s t ics .  
Two experimental brush-ring asseniblles w e r e  fabricated 
and forwarded t o  George C ,  Marshal1 Space F l ight  C e n t e r  t o  be 
used i n  the  in-house studies.  
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IV. ELECTROPLATING STUDIES 
Plans have been worked out fo r  the study of e f f e c t s  
of e lectroplat ing.  Over t h i r t y  experimental r ing  cylinders 
have been fabricated t o  be used i n  t h i s  study, Among the prime 
var iab les  t h a t  w i l l  be investigated a re  t h e  following: p la t ing  
c u r r e n t  density,  hardening agents, and p la t ing  bath composi- 
tion ana temperature. i n  addiiiuri,  sijilie riiq eylii~dzrs - A  W * A I  l 
be goldplated i n  a new plating tank i n  presence of supplementary 
u l t rasonic  energy (75 watts a t  25 kilocycles) , The effects of 
d i f f e r e n t  parameters w i l l  be i n i t i a l l y  determined by taking 
microhardness measurements. The more promising types of e lectro-  
p l a t ing  w i l l  be fur ther  tes ted  i n  capsules, 
Several s o f t  gold ring assemblies w e r e  machined with 
two types of hard gold overlays, O n e  was Orotherm HT and the 
o ther  Autronex N I .  Both had a thickness of 100 microinches, 
The performance of these rings w i l l  be invest igated I n  a ni t ro-  
gen atmosphere , 
V. INERT ATMOSPHERE TESTING 
The object  of i n e r t  atmosphere tests is the  screening 
of d i f f e ren t  mater ia l s  and designs, S l i p  r ings  t h a t  perform 
w e l l  w i l l  then be subjected to  high vacuum tests, The dr ive 
apparatus and instrumentation developed during the or ig ina l  
program i s  being used. 
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A run-in test  i s  being presently conducted w i t h  a 
capsule using a new brush design, 
have been cemented t o  the brush block t o  increase b r u s h  s t i f f -  
ness and prevent motion of brush wipers. T h i s  should improve 
t h e  noise charac te r i s t ics .  
same brush block w e r e  not modified so t h a t  a d i r e c t  comparison 
cf t he  nciccr ~e-rfclnna~cn ~f the t m  designs c;rn he made- 
I n  t h i s  design t w o  brushes 
T h e  remaining two brushes on the 
VI. OFF-GASSING STUDIES 
_Preliminary s tud ie s  r e l a t ing  t o  the off-gassing of 
t h ree  samples have been i n i t i a t e d  by mass spectrometry. 
ul t imate  object ive of t h i s  work i s  t o  determine off-gassing 
under high vacuum conditions a t  ambient temperature. However, 
i n  order  t o  obtain s o m e  qua l i t a t ive  information on the nature 
of such components, the  samples w e r e  heated t o  elevated t e m -  
perature  t o  promote off-gassing. 
The 
The three  samples included Mycalex 400, t e f lon  wire 
insu la t ion ,  and t e f lon  r ing sleeves. 
I n  a l l  cases ,  the t o t a l  sample, a f t e r  breaking o r  
cu t t i ng  i n t o  small pieces,  w a s  used f o r  analysis. The  sample 
was placed i n  the sample tube, aff ixed t o  the vacuum system 
of t h e  inlet and pumped down f o r  one minute  a t  room temperature 
with t h e  diffusion pump. 
ing of the sample i n i t i a t e d ,  The  sample was heated from room 
temperature t o  1 2 O O C  over a 5 minu te  period during which t i m e  
t h e  off-gas products w e r e  a l lowed  t o  expand i n t o  the evacuated 
The pumping was terminated and heat- 
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sample reservoir ,  A t  the end of 5 m i n u t e s  t he  sample was ad- 
mitted t o  the  analyzer f o r  analysis over a mass range of 
m/e 5 12-200. A blank was similarly run fo r  comparisons, 
Although the  spectra f o r  a l l  of the samples a re  q u i t e  
complex, the off-gas products f o r  t he  t e f lon  samples appear 
t o  be complex m i x t u r e s  of f luorinated compounds and hydro- 
rnL- --.-- - - >  --  -1- -I - /- = C d Z b i - i S ,  ~ i i c :  writ iiisiildtisii lid6 a pLuiiuuiiCcu p e d ~  a~ III/ t: 
149 which i s  of ten  cha rac t e r i s t i c  of aromatic acids  such a s  te re -  
ph tha l ic  acid o r  t h e i r  esters. There was some l e s s e r  amount 
of t h i s  material  i n  t he  te f lon  sleeve and no s igni f icant  amount 
i n  t h e  Mycalex 400. Mycalex 400 appeared t o  have predominantly 
hydrocarbon vapors, A l l  samples off-gassed much a i r  and water. 
Additional samples w i l l  be analyzed a t  lower temper- 
a tures .  The complexity of the off-gas mixtures w i l l  be m i n i -  
mized by gas chromatographic separation of the  col lected off-  
gass products t o  be followed by mass spectrographic analysis.  
VII. LUBRICHTlON O F  SLIP RINGS 
An invest igat ion of methods f o r  lubr ica t ing  s l i p  r ing 
assemblies has been i n i t i a t e d .  The analysis  and select ion of 
candidate lubr icants  and lubricat ion techniques will be guided 
by work which i s  presently being conducted a t  I I T R I  i n  the 
areas  of f r i c t i o n ,  wear and lubricat ion of components i n  a 
space environment. The basic  concept of surface energy e f f e c t s  
a s  r e l a t ed  t o  f r i c t i o n  and wear 1s applicable and p rac t l ca l  
se lec t ion  c r i t e r i a  can be evolved w i t h  regard t o  the  choice 
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of materials.  I t  i s  f e l t  tha t  both l i q u i d  lubr icants  and 
low melting point metal f i l m  lubr icants  should be investigated.  
The development of a lubr icant  system would necessarily 
include the  development of a lubricant  delivery technique. I f  
t h e  lubricant  system i s  t o  be applicable f o r  short  t e rm use,  
a one-shot delivery system would be a log ica l  development: 
h o w e v e r ,  f o r  a long term mission, a continuous o r  i n t e r m i t t e n t  
lubr icant  delivery technique would have t o  be developed. 
addi t ional  problems a r i s e  i f  the lubr ica t ion  system must be 
compatible w i t h  o ther  environments i n  addition t o  the vacuum 
environment, f o r  example , ea r th  environment during check-out 
o r  low a l t i t u d e  operation. 
Also, 
After screening and select ion of promising candidate 
lub r i can t s  and lubr ica t ion  systems, experimental f r i c t i o n  and 
wear s t u d i e s  w i l l  be conducted a t  pressures of lo-* t o r r  on 
simple f l a t  p l a t e  and r i d e r  mechanisms. The apparatus shown 
i n  Figure 1 w i l l  be used f o r  these s t u d i e s .  O n e  o r  more of 
the most promising methods w i l l  t h e n  be invest igated on actual 
s l i p  r ing  assemblies. 
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FIGURE I - ULTRAHIGH VACUUM FRIC'TION APPARATUS 
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VIII. SUMMARY t Preliminary tests i n  high vacuum proved the  necessi ty  
of using vacuum bearings i n  the  capsule and i n  the dr ive  appar- 
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atus .  
off-gassing properties have been fabricated. Run-in tests of 
New brush-ring assemblies using mater ia ls  w i t h  good 
\, . I 
a new brush design are being conducted i n  a nitrogen atmosphere. 
M a s s  spectrometer s tud ies  or' the off-gassing pruducts of iiiater- 
i a l s  used i n  the brush-ring assemblies have,been s tar ted.  A 
preliminary study of l u b r i c a n t s  and lubr ica t ion  techniques kas 
been i n i t i a t e d .  
) - I  ' _  
IX. FUTURE ACTIVITIES 
During the next quarter ly  period of t h i s  program, the 
following a c t i v i t i e s  w i l l  be performed: 
A. Run-in tests of new brush-ring assemblies 
i n  high vacuum w i l l  be i n i t i a t e d .  
B. Study of e f f e c t s  of e lec t ropla t ing  w i l l  
be started. 
C.  I n e r t  atmosphere tests of d i f f e r e n t  
brush designs and hard gold overlays 
w i l l  be con t inued .  
D. M a s s  spectrometry s tudies  of of f-gassing 
products w i l l  be carried out a t  r o o m  
ambient temperature. 
E. Inves t iga t ion  of methods for lubr ica t ion  
s l i p  r ing  assemblies w i l l  be undertaken, 
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